Typicality, or averageness, is one of the key features that influences face evaluation, but the role of this property in the perception of facial expressions of emotions is still not fully understood.
4
Disentangling the Role of Face Typicality and Affect in Emotional Face Processing: Selfreported and Electrophysiological Evidence
The human face carries important information in a social context, allowing us to infer aspects such as the other's identity and emotional state (Bruce & Young, 1986) , and to draw social judgments (Willis & Todorov, 2006) . Face typicality is one of the factors that influence face evaluation. A face is more typical the closer it is to a prototypical configuration, which is conceived as an average of all the past-perceived faces (Diamond & Carey, 1986; Valentine, 1991) . Therefore, in a face-space each face may be represented as a vector that originates from the central face and the further the face is from the average face, the more atypical it is (Rhodes & Leopold, 2011) . Recent work on face perception, based on Predictive Processing approaches, is largely consistent with these models and perhaps complements them with important insights as to the neural basis of these processes (Brodski-Guerniero, Paasch, Wollstadt, Özdemir, Lizier, & Wibral, 2017; Trapp, Schweinberger, Hayward, & Kovács, 2018) . From a Predictive Processing perspective, face perception will depend on the comparison between the visual sensory input of the present face stimulus and a prior internal model (prediction) of the relevant object features.
The mismatch between the sensory input and the prior will result in a prediction error that is processed as the level of novelty of the stimulus (Arnal & Giraud, 2012) . In this view, face typicality could consist of a measure of the difference between a given face stimulus and the individual's internal model of a general face that would serve as a prior expectation for face perception.
As Sofer and colleagues mention (2015) , the typical face carries a special status perceptually and socially. For instance, typical faces are considered more trustworthy, explained Running head: FACE TYPICALITY AND AFFECT PROCESSING 5 by the inherent familiarity of any typical stimuli, associated with positive affect (Lee, 2001 ) and trustworthiness (Faerber, Kaufmann, Leder, Martin, & Schweinberger, 2016) . Face typicality has also been associated with attractiveness, although the results are incongruent, with studies finding typical faces as more attractive (e.g., Langlois & Roggman, 1990; Rhodes, Sumich, & Byatt, 1999; Valentine, Darling, & Donnelly, 2004) whereas others find the opposite effect (e.g., de Bruine, Jones, Unger, Little, & Feinberg, 2007) .
Typicality also seems to play a part in the neural mechanisms of face evaluation.
Previous studies found that amygdala and fusiform facial area (FFA), regions involved in facial and affective processing (Kanwisher & Yovel, 2006; Todorov, 2012) , show a non-linear modulation by both attractiveness (Chatterjee, Thomas, Smith, & Aguirre, 2009; Iaria, Fox, Waite, Aharon, & Barton, 2008; Shen et al.,2016; Winston, O'Doherty, Kilner, Perrett, & Dolan, 2007) and trustworthiness (Said, Baron, & Todorov, 2009; Santos, Almeida, Oliveiros, & Castelo-Branco, 2016) . However, Mende-Siedlecki, Said, and Todorov (2013) meta-analysed neuroimaging studies on facial evaluation and suggested that the non-linear results may be explained by differences in the typicality of the faces used in the studies (see also MendeSiedlecki, Verosky, Turk-Browne, & Todorov, 2013) . Indeed, a higher responsivity of the amygdala and FFA was already found to atypical comparably to typical faces, independently of their social features and valence properties (Mattavelli, Andrews, Asghar, Towler, & Young, 2012; Said, Dotsch, & Todorov, 2010; Todorov & Engell, 2008) .
However, the affective arousal properties of the stimuli may play a part in this increased activation to atypical faces, and not typicality itself. Indeed, atypical stimuli represent a bigger potential threat than familiar ones, which possibly alters their perceived arousal, increases their relevance, and demands the allocation of more resources (discussed in Mende-Siedlecki, Running head: FACE TYPICALITY AND AFFECT PROCESSING 6 Verosky, Turk-Browne, & Todorov, 2013) . Additionally, there is already evidence regarding the role of perceived arousal of various stimuli in the modulation of amygdala activation, regardless of the valence (Kensinger & Schacter, 2006; Sergerie, Chochol, & Armony, 2008; Zald, 2003) .
These results also are in accordance to previous findings of a U-shaped amygdala activation to both highly pleasant and unpleasant sensory stimuli (Anderson et al 2003; Small et al., 2003) , which convey higher levels of activation than neutral stimuli. These results may hold relevance for visual face processing as the amygdala is known to enhance visual cortical processing for expressive faces (Hadj-Bouziane et al., 2012; Vuilleumier, Richardson, Armony, Driver, & Dolan, 2004) .
Overall, the roles of typicality and affective properties of facial stimuli have been approached as modulators of brain activity and face evaluation, but their overlap is still undefined. In this study, we aimed to address this issue by dissociating typicality from the affective properties, specifically arousal and valence, and to examine the effect of these factors in the modulation of electroencephalographic activity. To do this, we used a design in which participants were exposed to faces manipulated across three experimental factors: (1) faces could be typical or atypical, (2) portray different emotional categories, and (3) vary in affective properties (arousal or valence) within each category. This design should allow disentangling the effects of typicality from those of affective properties, shedding light on the hemodynamic and electrophysiological findings reviewed above..
Regarding self-reports we were interested in the individual ratings of arousal, valence, and typicality to each stimulus, in order to assess a possible impact of typicality in affective perception, and vice-versa. In terms of neurophysiological indexes, we chose an ERP methodology due to the high temporal resolution of this technique, allowing to understand the Running head: FACE TYPICALITY AND AFFECT PROCESSING 7 neural dynamics locked to the events. The N170 is one of the most studied components in the field, defined as a face-sensitive negative potential that peaks between 150ms and 220ms poststimulus in occipito-parietal sites, bilaterally. This component registers changes in latency and amplitude with inverted and scrambled faces comparably to upright and normative facial configurations (Bentin, Allison, Puce, Pereza, & McCarthy, 1996) . These changes may indicate its modulation by differences in the structural configuration of the face. In this sense, Halit, de Haan, and Johnson (2000) report higher N170 amplitudes for atypical than for typical faces. In terms of facial expressions of emotion, meta-analytic evidence suggests that N170 is increased by emotional faces (Ferreira-Santos, Martins, Almeida, Barbosa, Marques-Teixeira, & de Haan, 2013; Hinojosa, Mercado, & Carretié, 2015) . Additional results from our group suggest that this effect is driven by an arousal modulation, as we found N170 changes associated with the perceived arousal of facial expressions of emotion (FEE) regardless of emotional category or valence properties (Almeida, Ferreira-Santos, Chaves, Paiva, Barbosa & Marques-Teixeira, 2016; Ferreira-Santos, 2013) . Additionally, the Vertex Positive Potential (VPP) is also considered one of the main ERP components in studying facial processing. The VPP consists of a positive deflection in fronto-central sites with a similar latency to N170, as well as a similar modulation by configural properties of the facial stimuli (Eimer, 2000) and presence of emotional content (Ashley, Vuillemier, & Swick, 2004) . In fact, it is likely that both scalp potentials share the same neural dipole source and reflect the same processes (Joyce & Rossion, 2005; Luo, Feng, He, Wang, & Luo, 2010) .
Considering the neuroimaging and electrophysiological evidence of both typicality and arousal modulations, we hypothesized that atypicality could have a potentially cumulative effect with arousal in the N170 and VPP. We also collected self-reported ratings of the facial stimuli Running head: FACE TYPICALITY AND AFFECT PROCESSING 8 both as manipulation checks and to examine if the associations in subjective reports mirror the electrophysiological results. Specifically, in terms of the subjective perception of the faces, we predicted that atypical stimuli would be also rated with more negative valence and higher arousal.
Method Participants
Thirty adult participants (21 female, mean age = 24.0, SD = 3.87) were recruited from the community via website, mailing lists, and social media calls for study participation. All of them had normal or corrected to normal vision. Participants were screened for self-reported neurological and psychiatric disorders, head injuries, and substance abuse, which constituted exclusion criteria, but none were excluded for these reasons.
The local Ethics Committee approved the study and all participants provided written informed consent in accordance with the Declaration of Helsinki at the beginning of the experiment.
Stimuli
A set of 80 pictures from the NimStim Face Stimulus Set (Tottenham et al., 2009) were selected based on previously obtained self-report ratings of typicality, valence, and arousal (see procedure below). Our goal was to select facial stimuli that differed in their affective properties within emotional categories (e.g., pleasant and unpleasant surprised faces, low and high arousal angry faces) for typical and atypical actors.
Running head: FACE TYPICALITY AND AFFECT PROCESSING 9 Pre-study typicality ratings were collected in a self-report pilot task with nine participants (five female; mean age = 25.5, SD = 4.56). Participants were required to rate the typicality of each actor's neutral expression in a 7-point Likert scale. Based on these data, we selected the most typical and atypical actors from the NimStim dataset. The choice of the neutral expression to obtain typicality ratings followed from the fact that it is likely the best image to evaluate face typicality in terms of identity and facial structure, without being confounded by the typicality/frequency of the facial expression (e.g., happy facial expressions have been reported to be more typical/frequent than others; Sommerville & Whalen, 2006) . The average value of (prestudy) typicality was calculated for each actor, and the most (> Q3) and the least (< Q1) typical actors were selected. This led to a total of eight atypical actors (three female) and nine typical actors (five female).
As specific emotions are collinear with levels of valence or arousal (e.g., anger expressions are necessarily unpleasant and neutral/calm faces are always low in arousal), dissociation of arousal and valence within emotional categories can only be achieved in a partial factorial design Ferreira-Santos, 2013 ). Here we contrasted Low and High
Arousal exemplars of Angry and Happy expressions and Pleasant and Unpleasant exemplars of
Calm and Surprised expressions. To select these stimuli, we considered the actors selected as the most typical or atypical, and extracted the ratings of valence for their Calm and Surprised expressions, and ratings of arousal for their Angry and Happy expressions from a reference database (N = 40, young adults, 20 female) obtained in a previous study (Ferreira-Santos, 2013) .
We then calculated the 35 th and 65 th percentiles for valence and for arousal, and selected the images that were more extreme than those values: the most pleasant and unpleasant images of Calm and Surprise, and the lowest and highest arousal images of Anger and Happiness. Table 1 Running head: FACE TYPICALITY AND AFFECT PROCESSING 10 summarizes the experimental conditions and selection criteria (and the codes of the actual NimStim stimuli used are indicated in Footnote 1 1 ) . Each condition, as displayed in Figure 1 , included five stimuli. The valence and arousal values for each condition did not significantly differ between atypical and typical groups (paired t-tests). Figure 1 . Scatterplot of valence and arousal ratings for the selected stimuli (from reference data; Ferreira-Santos, 2013).
Procedure
After signing the consent form and preparation of the EEG apparatus (described below), participants were comfortably seated in a data collection chamber. The study was composed by an EEG task followed by a ratings task, in this order for all participants. In the EEG task, participants were asked to press a button on a controller whenever they saw an inverted face.
These target inverted faces were only presented to ensure participants remained attentive Running head: FACE TYPICALITY AND AFFECT PROCESSING 12 throughout the experiment. Each trial began with a fixation cross in the centre of the screen for a variable duration (1000-1500 ms), followed by a facial stimulus presented for 500 ms. The experiment had a total of 440 trials: 16 conditions x 25 trials (as each stimulus was presented 5 times), plus 40 target inverted faces. The trials were equally divided in two blocks with a short break between them, to avoid fatigue. After the EEG task was completed, participants were asked to rate each of the stimuli used in the EEG task for arousal, valence, and typicality in a 7-point Likert scale and to identify the emotional category represented from a list of basic emotions/emotional categories (anger, surprise, fear, sadness, happiness, disgust, neutral, calm, and an option of "none of the others"). Both tasks were presented using E-Prime v2.0 (2011, Psychology Tools, Inc., Pittsburgh, PA, USA) in a 17'' screen located 1.15 m from the participant, with facial stimuli subtending a horizontal and vertical visual angle of 7.46° by 11.91°, respectively. Stimuli in both tasks were presented in random order.
EEG recording and signal pre-processing
EEG data were acquired at a digitizing rate of 500 Hz using a 128-channel EEG NetAmps system running NetStation v4.5.2 (2008, EGI, Electrical Geodesics, Inc., Eugene, OR, USA). All impedances were kept below 50 kOhm as this is a high impedance input amplifier. The signal was referenced online to the vertex (Cz).
EEG data were analysed using EEGLAB v13.6.5b (Delorme & Makeig, 2004) , a MATLAB toolbox (2017, The Mathworks, Inc., Massachusetts, USA), and the ERPLAB plugin v6. 1.3 (Lopez-Calderon & Luck, 2014) . For ERP analysis, the data were band-pass filtered (0.1-30Hz). Some channels were permanently removed from analysis due to hardware problems (physically damaged electrodes in some of the sensor nets): midline electrodes were removed Running head: FACE TYPICALITY AND AFFECT PROCESSING 13 from the analysis if they were missing for more than half of the participants; for lateral channels, we additionally removed the symmetrical electrode when it was absent in more than 1/3 of the sample. According to these criteria, we excluded the following electrodes: E1, E6, E8, E17, E25, E32, E48, E119, E126, and E127. The resulting datasets contained a symmetrical montage of 119 channels. From these remaining electrodes, channels with bad data (flatline, excessive noise, or excessive drift) were removed. The signal was submitted to an Independent Component Analysis (ICA) to identify and correct eye blink and heart rate artefacts, followed by the removed channels' interpolation. The signal was re-referenced to the average of all electrodes.
Finally, epochs of 1000ms (-200ms pre-stimulus baseline) were visually inspected and those containing artefacts were rejected prior to averaging.
There were no significant differences between conditions in the final number of valid trials (repeated measures ANOVA with condition as factor (16 levels), F(15,435) = 1.24, p = .238, η 2 p = .041). Based on the previous literature (Joyce & Rossion, 2005) and after a visual inspection of individual averages and grand-averages, the components of interest were extracted. Table 2 summarizes the measures that were extracted. 
Statistical analysis
As a manipulation check to confirm that overall affective properties of the stimuli were perceived as expected, we compared the ratings of arousal and valence between the reference sample (used to select the stimuli) and the sample from the current study by means of t-tests.
In order to examine the effect of typicality, emotion, and the affective properties on our dependent variables for subjective ratings (ratings of arousal, valence, and typicality) and ERP measures (N170 and VPP amplitudes), separate Repeated Measures ANOVA were conducted in SPSS v24 (2016, IBM Statistics, New York, USA) for each outcome. Also, the factor for the affective properties varied: when comparing happy and angry expressions, the within-category affective property that was manipulated was the level of arousal; but when comparing calm and surprised faces, the affective property that varied within-categories was valence. As such, one set of ANOVAs had the following factors: Typicality (atypical, typical), Emotion (angry, happy),
and Arousal Level (low arousal, high arousal). The other set of ANOVAs had Typicality (atypical, typical), Emotion (calm, surprise), and Valence (unpleasant, pleasant). The Hemisphere (left, right) was an additional factor for analysis of ERP measures recorded bilaterally.
The association between self-reported ratings and electrophysiological data including all conditions was estimated using multilevel models (MLM) to control for the dependencies in the data (as each participant provided multiple data points) in R 3.4.2 (R Core Team, 2017), using the nlme package (version 3.1-131; Pinheiro et al., 2017) . We estimated separate models for N170 amplitude (averaged for both hemispheres) as a function of arousal, valence, or typicality ratings. Ratings were entered as a fixed effect and participants as random effects (random intercepts and slopes). Standardized coefficients for the association between N170 amplitude and ratings were calculated based on the fixed effect t-score estimates of the MLM.
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The threshold for statistical significance for all analysis was set at α = .05. Violations of sphericity were corrected by the Greenhouse-Geisser method and significant ANOVA main effects were quantified using Bonferroni-corrected post-hoc comparisons.
Results

Subjective ratings results
There were no significant differences concerning the ratings of arousal, valence, and typicality between the reference sample (used initially to select the stimuli) and the ratings provided by the sample of the present study (all ps > .05). Note that typicality ratings were not compared because in the pre-study these were only collected for neutral faces, most of which were not used in the current study. 
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Association between ratings and ERP results. Analysis via multilevel models revealed a modest but significant association between the N170 amplitude and arousal ratings, β = .111, p = .031, where larger N170 amplitudes (i.e., more negative amplitudes) were associated with higher arousal ratings. Valence and typicality were not significantly associated with ERP responses.
Discussion
In the present study, we aimed to dissociate the impact of face typicality and affective properties in emotional face processing. To this end, we presented typical and atypical actors performing facial expressions of emotion that varied in arousal and valence. We collected subjective ratings of valence, arousal, and typicality as well as neural responses to these stimuli, specifically the N170 and VPP.
First, the subjective ratings provided a manipulation check for our design, confirming that the experimental conditions were generally in accordance to our stimuli selection. Additionally, individual ratings shed light on the interaction between affective properties and face typicality.
We will first discuss the results for ratings of arousal, valence, and typicality, and do so separately for each analysis (the Angry/Happy analysis, where arousal level within each category was manipulated and the Calm/Surprise analysis, where valence was manipulated).
In the Angry/Happy analysis, high arousal images elicited (unsurprisingly) higher arousal ratings, but no main effects of nor interaction with emotion or typicality were found. This finding does not support our hypothesis that atypical faces would elicit higher ratings of arousal.
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In the Calm/Surprise analysis, the pattern of results was more complex as we found higher arousal ratings for Surprise expressions, for actors with typical and unpleasant faces.
Firstly, the attribution of higher arousal ratings for Surprise is in line with the previous arousal hypothesis, since this emotional category is characterized by high levels of activation in both
Russell's circumplex model of emotion (Russell, 1980) and our reference data (Ferreira-Santos, 2013 ). The typicality effect was unexpected, but it may reflect the findings of Sánchez and Vasquéz (2013) , where the prototypicality of the emotional face was associated with higher perceived activation. This is also corroborated by the higher arousal ratings attributed to typical than atypical pleasant expressions. Finally, the attribution of more perceived arousal to unpleasant expressions is not new in the literature (Adolphs, Russell, & Tranel, 1999) .
In sum, regarding the arousal ratings, images previously selected based on higher prestudy arousal levels (meaning high arousal stimuli for Angry/Happy and surprise stimuli for Calm/Surprise) and unpleasant stimuli were subjectively rated as more aroused, as expected, and typicality and emotional category did not seem to affect the subjective ratings of arousal.
In terms of perceived valence, in the Angry/Happy analysis, more positive valence was attributed to happy faces, as expected. Also, low arousal images were perceived as more pleasant. A further interaction between Emotion and Arousal Level contributed to this effect:
low-arousal anger expressions and high-arousal happy expressions were the most positively rated. In the Calm/Surprise analysis, pleasant faces of both emotional categories received more positive ratings, as expected. Surprised faces were also considered more pleasant than calm expressions. However, the dispersion of valence ratings was similar for both emotional categories, with a few surprised faces being rated as very pleasant. Typical faces are again rated
Running head: FACE TYPICALITY AND AFFECT PROCESSING 24 as more pleasant, which is consistent with the literature mentioned above about positive affect (Lee, 2001 ).
Finally, typicality ratings were higher for typical faces in both analyses, confirming our design. In the Angry/Happy analysis, happy expressions and low arousal stimuli were considered more typical. In line with these findings is the result found in the Calm/Surprise analysis, in which the more pleasant the face, the more typical it was considered.
These results allowed to confirm that our experimental manipulation was successful in both analyses (Angry/Happy and Calm/Surprise) but also to draw conclusions about the relation between typicality and the affective properties of arousal and valence. Specifically, low arousal and more pleasant faces seem to be considered more typical. If we consider the face-space model and the concept of "prototypical face" as the average of all the sampled faces (Valentine, 1991; Valentine & Ferrara, 1991) , we can assume that the low-arousal form is indeed the most prototypical for each emotional expression. Also, the association between typicality, pleasantness, and happiness could be due to the fact that positive expressions are the most common expression in the life-span of healthy young adults, comparably to negative expressions such as anger and fear (Somerville & Whalen, 2006) . This effect is also well described in lowrisk developmental samples as the "happiness advantage" (de Haan & Matheson, 2009) . From a Predictive Processing perspective, this would perhaps suggest that the overall prior for emotional expressions consists of low arousal pleasant expressions.
Looking at the ERP results, N170 and VPP amplitudes were modulated by arousal in both analyses. This arousal modulation was expected based on previous work from our group Ferreira-Santos, 2013) , but the hypothesized modulation by typicality was not found. The effects of emotion (Calm, Surprise) on the N170 were more complex.
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Expressions of surprise evoked higher amplitudes than calm faces, which can be considered an effect of arousal. Also, unpleasant faces induced higher N170 than pleasant, as did typical faces comparably to atypical, which is corroborated by the VPP results with higher amplitudes for typical unpleasant. However, this pattern of significant differences becomes clear when compared with the self-reported arousal ratings for Calm and Surprised faces. Indeed, the same pattern of effects was found for arousal ratings and the N170 amplitude, again supporting arousal as a crucial affective property influencing the electrophysiological response to facial expressions of emotions. Indeed, an association between arousal ratings and N170 amplitude was the only statistically significant effect found in the multilevel model analysis. The magnitude of this effect was modest, but it should be noted that this effect reflects a modulation of ERP amplitude among several sources of variance. It is known that N170 amplitude is primarily influenced by the presence of a face stimulus and additional visual aspects additionally modulate the component amplitude, but in a much smaller degree (Rossion et al., 2000) . In the present study stimuli varied not only in arousal but also in actor identity and gender, emotional category, valence, and typicality, but only arousal significantly predicted N170 amplitude. Thus, aspects as typicality or valence may only modulate electrophysiological patterns if they also affect the perceived arousal of the emotional faces.
Another outstanding issue, and a limitation of the present work, is how to define the affective concepts we are working with beyond their use in self-reports. Valence is perhaps more straight-forward as it can be linked to experiences and representations of rewards and punishments (Bach & Dayan, 2017 ) but a definition of arousal is less clear. In facial expressions, arousal relates to the intensity of the facial display and thus co-varies with perceptual features of the stimuli that signal facial muscle activity (e.g., open mouth, skin wrinkles, relative proportion Running head: FACE TYPICALITY AND AFFECT PROCESSING 26 of visible sclera in the eyes; Calvo & Nummenmaa, 2016; Whalen et al., 2004) . However, affective arousal is likely a more complex construct that involves multiple autonomic and central nervous system components and may play an important role not only in intense emotional responses (where it has been best documented) but also in general cortical function by modulating the processing and memorization of stimuli (Ferreira-Santos, 2016; Mather, Clewett, Sakaki, & Harley, 2016; Satpute, Kragel, Barrett, Wager, & Bianciardi, 2018) .
Additionally, these results help us rethink the concept of typicality in emotional face processing. If face typicality is considered the proximity to the average configuration postulated by the Face-Space model, it may also be considered the similarity to the prior of a face, in a predictive processing perspective. In this sense, in cases of neutral facial expressions, as used in the studies presented above regarding trustworthiness and attractiveness, the prediction error will be evoked and proportional to the distance between the facial configuration and the neutral prior, thus eliciting higher neural processing the more atypical the face stimulus is. In the case of emotional face processing, further research is needed in the field of Predictive Processing to understand how an emotional face prior may be developed. Clark (2013) considers that a prior is built in a three-stage process, evolving from an abundance of prediction errors, to a convergence to a general theme, that is later on negotiated and sensible to perceptual and contextual changes at each contact with the world. In this sense, at each contact with emotional faces, the existence of "subface spaces" for each emotional category is possible, each with their own prototype (i.e., average configuration). In this sense, contrarily to the processing of neutral faces, changes in the activation or arousal of emotional faces may be the main modulators of brain activation by being the perceptual and affective evokers of prediction error. Thereby, arousal may change the level Running head: FACE TYPICALITY AND AFFECT PROCESSING 27 of typicality of an emotional face, and not the other way around. However, further research on emotional face processing under a predictive processing approach is needed.
The results of this work corroborate the findings on the central role of arousal in emotional face processing and may provide a challenge to the typicality explanation of the non-linear results found in neuroimaging studies. Further research that considers both affective and typicality factors in neuroimaging designs could provide additional evidence to the disentanglement of these two properties.
